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BACKGROUND OF THE INVENTION 

1. The Field of the Invention 

[01] The present invention is generally related to optical transceiver modules 
employed in optical communications networks. More specifically, the present invention is 
related to an adjustable optical transceiver design that maximizes thermal dissipation from 
heat-sensitive transceiver components. 



2. The Related Technology 

[02] Fiber optic technology is increasingly employed as a method by which information 
can be reliably transmitted via a communications network. Networks employing fiber optic 
technology are known as optical communications networks, and are marked by high 
bandwidth and reliable, high-speed data transmission. 

[03] Optical communications networks employ optical transceivers in transmitting 
information via the network from a transmission node to a reception node. An optical 
transceiver at the transmission node receives an electrical signal (containing digital 
O § *> = information or other data) from a network device, such as a computer, and converts the 
S I h « S | electrical signal via a laser to a modulated optical signal. The optical signal can then be 
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< i I o 2 transmitted in a fiber optic cable via the optical communications network to a reception node 
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of the network. Upon receipt by the reception node, the optical signal is fed to another 
optical transceiver that uses a photodetector to convert the optical signal back into electrical 
signals. The electrical signals are then forwarded to a host device, such as a computer, for 
processing. The optical transceivers described above have both signal transmission and 
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reception capabilities; thus, the transmitter portion of a transceiver converts an incoming 
electrical signal into an optical signal, whereas the receiver portion of the transceiver 
converts an incoming optical signal into an electrical signal. 

[04] In addition to the laser and photodetector mentioned above, several other 
components are also internally included within a typical transceiver module. Among these 
are a controller, which governs general operation of the transceiver, a laser driver for 
controlling operation of the laser in the transmitter portion, and a post-amplifier for 
controlling the photodetector that converts incoming optical signals into electrical signals in 
the receiver portion. 

[05J In a typical transceiver, the components responsible for transmitting and receiving 
optical signals are located in a transmitting optical sub assembly ("TOSA") and a receiving 
optical sub assembly ("ROSA"), respectively. Specifically, the laser and associated 
components for producing an optical signal are located in the TOSA, while the 
photodetector and related components for receiving an optical signal are located in the 
ROSA. 

[06] Because excessive temperatures can adversely affect the operation of the TOSA and 
ROSA, it is important to provide adequate means by which heat can be reliably removed 
O § * = from these and similar transceiver assemblies. Specifically, it is desirable to remove heat 
P & Ei 5 p 5 from within the assembly itself, this heat having been produced by internal assembly 
<j i I § ° w components. For example, the laser that is located within the TOSA produces relatively 
£ < § 8 h large amounts of heat that, if not removed, can result in malfunction of one or more 

o < a 

assembly components. 

[07] Unfortunately, many challenges have arisen in attempting to provide adequate heat 
dissipation from optical transceiver assemblies, such as the TOSA and the ROSA. Many of 



- Page 3 - 



Docket No. 15436.200 



these challenges center around the difficulty in transferring the heat that is produced inside 
the TOSA subassembly or ROSA which typically include hermetically sealed housings 
containing the transmitting or receiving components to heat sinks outside the subassembly. 
As already mentioned, excess heat buildup within the TOSA, ROSA, or similar housing can 
result in malfunctioning of the transceiver module and interruption of optical 
communications. 

[08] Of particular concern in the art has been the provision of an adequate heat path from 
within a TOSA to the outer housing of the transceiver, which serves as a sink for heat 
generated by the laser and other components located within the TOSA. Because of 
necessary alignment procedures that are performed on the TOSA during transceiver 
assembly in order to align its various optical components, a dimensional variability in the 
optical transceiver is introduced, causing the distance between the TOSA and the outer 
housing to potentially change according to the desired alignment. Moreover, because the 
desired alignment of TOSA optical components varies with each optical transceiver that is 
assembled, the distance between the TOSA and an outer transceiver housing can likewise 
vary from transceiver to transceiver. This variability substantially prevents the use of stock 
heat dissipating components, which in turn hinders the ability to establish an adequate heat 
0§ ^ : path between the TOSA and the transceiver housing. Similar problems can also exist with 
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% h u S I the ROSA and with other transceiver components. 

< i I § % u [09] One attempt to overcome the above difficulties has involved custom fitting each 

2 £ § s ~j optical transceiver with proper sized heat dissipating components. While this approach has 
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been successful at removing heat from the TOSA during transceiver operation, it also 
represents a significant cost in terms of time and manpower resources to the extent that it 
becomes cost-prohibitive in practice. 
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[010] Another approach that has been attempted in overcoming the above difficulties has 
involved the use of compliant materials to establish a thermal path between the TOSA and 
the transceiver housing. This approach, however, suffers from the compliant material's lack 
of adequate heat transfer efficiency, thereby preventing sufficient heat dissipation from the 
TOSA. 

[Oil] In light of the above discussion, a need currently exists for an optical transceiver that 
benefits from enhanced heat dissipation characteristics. In particular, there is a need for a 
system and method by which heat produced within the optical subassemblies of a transceiver 
can be reliably dissipated, thereby ensuring proper operation of the transceiver. 




Page 5 - 



Docket No. 15436.200 



BRIEF SUMMARY OF THE INVENTION 
[012] Briefly summarized, embodiments of the present invention are directed to an 
optical transceiver module having enhanced heat removal characteristics. These improved 
characteristics enable the present optical transceiver to adequately dissipate heat from one or 
more subassemblies located therein. This enhanced heat removal in turn prevents 
component overheating, thereby ensuring proper operation of the optical transceiver module 
and its subassemblies. 

[013] In accordance with the present invention, a heat spreader for dissipating heat 
from transceiver components is disclosed. In one embodiment, the heat spreader is 
interconnected between an outer shell of the optical transceiver and a portion of a 
transmitting optical subassembly ("TOSA") positioned therein. The TOSA is generally 
comprised of an outer housing, a nose assembly, and a header assembly. The TOSA header 
assembly, being securely connected to a rear end of the outer housing, defines a hermetic 
enclosure that contains various optoelectronic components, including a light-emitting laser 
for producing optical signals. A component platform hermetically extends through a base of 
the header assembly to define both an interior platform portion located within the hermetic 
enclosure on which the laser and other interior optoelectronic components are mounted, and 
O g * S an exterior platform portion on which electrical contacts for the interior components are 
8 a h 5 B 1 located. The electrical contacts located on the exterior platform portion are configured to 
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< S 1 o ° w electrically connect with corresponding contacts on a flex circuit or other suitable interface 
£ §^ for providing the necessary electrical supply for the various optoelectronic components that 

O CO 

are situated on the interior platform portion. 

[014] The nose assembly is attached to a front end of the TOSA outer housing and 
serves not only as an outlet for the passage of optical signals produced by the laser, but as a 



Page 6 - 



Docket No. 15436.200 



receptacle to which a connectorized fiber optic cable can attach to receive the optical signals 
for transmission therethrough. 



tongue that, like the component platform, also hermetically extends through the rear end of 
the TOSA housing adjacent the component platform. An interior portion of the heat tongue 
is positioned within the hermetic enclosure to absorb heat produced by the laser and other 
optoelectronic components. The heat is conducted to an exterior portion of the heat tongue 
that is located outside of the hermetic enclosure. 

[016] The heat spreader of the present invention is physically and thermally joined to 
the heat tongue so as to reliably remove heat from the TOSA. Further, the heat spreader is 
attached to the heat tongue in such a way as to negate any undesirable effects that result 
from alignment of the TOSA during transceiver manufacture. TOSA alignment occurs 
when the TOSA outer housing is maneuvered with respect to the nose assembly, which in 
turn aligns the laser within the header assembly with the nose assembly to maximize the 
quality of the optical signal that is emitted from the transceiver. As a result of this 
alignment, however, a variation in distance between the heat tongue (which is indirectly 
attached to TOSA outer housing) and the shell of the optical transceiver that houses the 



procedure with the use of a thermal slug that is incorporated into the heat spreader. In 
particular, the heat spreader, which is comprised of a thermally conductive material such as 
copper, is joined to the heat tongue via the thermal slug, which is received within a cavity 



[015] 



Presently preferred embodiments of the present invention further include a heat 
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defined in the heat spreader. The thermal slug is in turn attached to the heat tongue by way 
of an adhesive, solder, or other means. The thermal slug can reside in a variety of vertical 
positions within the cavity of the heat spreader, thereby acting as a positional intermediary 
between the heat spreader and the heat tongue, both of which have fixed positions after 
TOSA alignment. Once affixed between the heat tongue and the heat spreader, the thermal 
slug enables heat transferred to the heat tongue from inside the TOSA to be conducted to the 
heat spreader. The heat spreader, in turn transmits this heat to the optical transceiver shell, 
which acts as a heat sink for the optical transceiver. Thus, internal TOSA heat is removed 
via the heat tongue and heat spreader to the transceiver shell, according to presently 
preferred embodiments. This ensures that internal TOSA components such as the laser are 
protected from excessive heat and its consequential damage, thereby helping to ensure 
proper transceiver operation. 

[018] In addition to the TOSA, other heat producing assemblies within an optical 
transceiver, such as a receiver optical subassembly ("ROSA"), can also benefit from the 
principles taught by the present invention. 

[019] These and other features of the present invention will become more fully 
apparent from the following description and appended claims, or may be learned by the 

Pi 

qz E practice of the invention as set forth hereinafter. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[020] To further clarify the above and other advantages and features of the present 
invention, a more particular description of the invention will be rendered by reference to 
specific embodiments thereof that are illustrated in the appended drawings. It is appreciated 
that these drawings depict only typical embodiments of the invention and are therefore not 
to be considered limiting of its scope. The invention will be described and explained with 
additional specificity and detail through the use of the accompanying drawings in which: 
[021] Figure 1A is a perspective view of a transmitter optical subassembly ("TOSA") 
that incorporates one embodiment of the present invention; 

[022] Figure 1 B is an end view of the TOSA of Figure 1 , taken along the line 1 B— 1 B; 
[023] Figure 2 is a top perspective view of the TOSA of Figure 1, also showing a heat 
spreader positioned therewith, in accordance with one embodiment of the present invention; 
[024] Figure 3 is a bottom perspective view of the TOSA and heat spreader shown in 
Figure 2; 

[025] Figure 4 is a top perspective view of the TOSA and heat spreader of Figure 2, 
further illustrating the placement of a thermal slug in the heat spreader, in accordance with 
one embodiment of the present invention; 

Pi 

O § * = [026] Figure 5 is a top perspective view of the TOSA and heat spreader of Figure 4, 
9 § i 5 P I showing the thermal slug seated within the heat spreader; 
1 1 3 S £ [027] Figure 6 is a partial cross sectional side view of the TOSA and heat spreader 

S3 o < S 3 

1 < 1 8 S taken along the line 6 — 6 in Figure 5, showing the position of the thermal slug therein; 

[028] Figure 7 is a bottom perspective view of a portion of an optical transceiver 
module having a TOSA and a heat spreader seated therein in accordance with one 
embodiment of the present invention; and 
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[029] Figure 8 is a bottom perspective of the optical transceiver module of Figure 7, 
showing a printed circuit board disposed adjacent the heat spreader. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



[030] Reference will now be made to figures wherein like structures will be provided 
with like reference designations. It is understood that the drawings are diagrammatic and 
schematic representations of presently preferred embodiments of the invention, and are not 
limiting of the present invention nor are they necessarily drawn to scale. 
[031] Figures 1-8 depict various features of embodiments of the present invention, which is 
generally directed to a heat spreading device for assisting the dissipation of heat within an 
optical transceiver module that is used in optical communications networks. In particular, a 
heat spreader is disclosed for efficiently removing heat from within a transmitter optical 
subassembly that comprises part of the transceiver module. The heat removal made possible 
by the present invention prevents damaging heat buildup from occurring within the 
transmitter optical subassembly, thereby ensuring improved operating characteristics for the 
transceiver module. 

[032] Reference is first made to Figure 1A, which shows various features of a transmitter 
optical subassembly ("TOSA"), generally shown at 10, comprising one internal component 
of an optical transceiver module (see Figures 7 and 8). As shown, the TOSA 10 generally 
includes a housing 12, a nose assembly 14, and a header assembly 16. The TOSA housing 
12 can contain a hermetically sealed enclosure 13 (see Figure 6) that houses various 
components that are used in producing an optical signal for transmission via an optical 
communications network. Among these components is included a laser (see Figure 6) that 
produces an optical signal that can be modulated to represent digital data that originates as 
electrical signals from a host device (not shown) connected to the transceiver module. In the 
illustrated embodiment, the TOSA housing 12 comprises a cylindrical enclosure having a 
size and shape configured for its disposal within the optical transceiver module. 
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[033] The nose assembly 14 is affixed to one end of the TOSA housing 12 and provides an 
outlet for optical signals that are produced within the TOSA housing 12. Specifically, an 
aperture is defined in the end of the TOSA housing 12 and communicates with an optical 
path defined through the nose assembly 14 (Figure 6) such that optical signals produced 
within the housing are transmitted through the nose assembly to exit an end 1 8 thereof. A 
connector portion 20 is formed at the end 18 for connecting the nose assembly 14 with a 
fiber optic cable (not shown) that in turn connects to a communications network. So 
arranged, the optical signals that are produced within the TOSA housing 12 and transmitted 
through the nose assembly 14 can then pass into the fiber optic cable connected at the 
connector portion 20 for transmission via the communications network. The nose assembly 
14 can further include an alignment feature, such as an annular groove 22, for aligning the 
TOSA 10 within the optical transceiver module. 

[034] The header assembly 16 is located at an opposite end of the TOSA housing 12 from 
the nose assembly 14. As shown, the header assembly 16 comprises various components, 
including a component platform 24, heat tongue 26, a header portion 28, and a cap 15 
(Figure 6). The component platform 24 preferably comprises a rectangular slab of ceramic 
material that penetrates through the header portion 28. The header portion 28, comprising a 

Pi 

: substantially circular, flattened plate, forms a base for the header assembly 1 6 and defines, 
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P I h 5 2 1 along with the cap 15, the hermetic enclosure 13 (Figure 6). The component platform 24 
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5§|3 8o bisects and is hermetically sealed to the header portion 28. In this arrangement, the 

s 3 2 < « § 

1 < I s ^ component platform 24 includes an interior segment 24 A located within the hermetic 

O CO 

enclosure 13, and an exterior segment 24B extending from the header portion 28 on the 
exterior of the TOSA housing 12 (Figure 6). The interior segment 24 A is suitable for 
receiving on its surface a plurality of electrical and electronic components, such as a laser 
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(Figure 6) for producing an optical signal, as described above. At least one conductive 
pathway can be defined through the component platform 24 to electrically connect the 
components on the interior segment 24A with electrical contact pads (see Figure 3) on the 
exterior segment 24B in order to provide electrical signals to the components as needed. 
Further details concerning the header assembly 1 6 in general, and the component platform 
24 in particular, can be found in U.S. Application No. 10/077,067, entitled "Ceramic Header 
Assembly," filed February 14, 2002, and U.S. Application No. 10/231,395, entitled "Header 
Assembly Having Integrated Cooling Device," filed August 29, 2002, which are 
incorporated herein by reference in their entireties. 

[035] Figure 1A further depicts various details regarding the heat tongue 26. Like the 
component platform 24, the heat tongue 26 hermetically penetrates the header portion 28 of 
the TOSA housing 12 to define an interior portion 26 A and an exterior portion 26B (see 
Figure 6). As shown, the heat tongue 26 physically attaches to the component platform 24. 
Specifically, the interior portion 26A of the heat tongue 26 attaches to a portion of the 
interior segment 24A of the component platform 24, while the exterior portion 26B attaches 
to a portion of the exterior segment 24B of the component platform. In this configuration, 
then, the interior portion 26A of the heat tongue 26, like the component platform interior 
O z E segment 24A, is contained in the hermetic enclosure 13 (Figure 6). The physical attachment 

3hSS! 

6§£5el of the heat tongue 26 with the component platform 24 further provides thermal 

5 § 1 3 ° ^ communication between the two such that heat produced by the electronic components on 
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1 < § s h the interior segment 24A of the component platform can be transmitted from the platform 
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the interior portion 26A of the heat tongue. The heat is then transferred to the exterior 
portion 26B of the heat tongue 26 to be dissipated, as will be explained. 
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[036] The heat tongue 26 is preferably composed of a suitable, thermally conductive 
material. In one embodiment, the heat tongue 26 is composed of a copper tungsten alloy, 
which affords the heat tongue thermal conductivity as well as a coefficient of thermal 
expansion that is similar to that of the ceramic from which the component platform 24 is 
preferably formed. Note that other materials can alternatively be used for both the 
component platform 24 and the heat tongue 26, as appreciated by those skilled in the art. As 
will be seen, the heat tongue 26 cooperates with the heat spreading device of the present 
invention to dissipate heat produced in the TOSA housing 12. 

[037] Figure 1A also shows a flex circuit 30 that is affixed to a portion of the exterior 
segment 24B of the component platform 24. The flex circuit 30 includes conductive vias 
and contact points at one end that are configured to electrically connect with the electrical 
contact points (see Figure 3) that are located on the exterior segment 24B in order to provide 
electrical signals to the electronic components located on the interior segment 24A of the 
component platform 24. Another end of the flex circuit electrically connects to a transceiver 
printed circuit board (see Figure 8) via the conductive vias, thereby providing electrical 
connection between the component platform 24 and components located on the transceiver 
printed circuit board. 

O § * = [038] Reference is now made to Figure IB, which shows an end view of the TOSA 10. In 



GIhwSI particular, Figure IB depicts various details of the nose assembly 14, including the 

0 < h *c ^ 

5 1 1 3 8 u connector portion 20, the end 1 8 of the nose assembly, and a passage 86 defined through the 

8 2 < 53 3 

1 < 1 8 5 nose assembly. The passage 86 participates in defining a desired optical path 82 (see Figure 

o < i 

6) through the TOSA 10 along which optical signals produced by a laser disposed on interior 
segment 24 A of the component platform 24 and the optical path are transmitted. 
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[039] In greater detail, the connector portion 20 includes exterior surface 20A and interior 
surface 20B. Interior surface 20B defines a portion of the passage 86 of the nose assembly 
14 and is precision bored to allow passage of the optical signal produced by the laser (Figure 
6). . The exterior and interior surfaces 20A and 20B cooperate to define a receptacle that is 
configured to receive a connectorized fiber optic cable (not shown) for attachment to the 
nose assembly 14. So attached, the fiber optic cable is capable of receiving and 
transmitting the optical signals produced by the TOSA 10. Note that the connector portion 
20 can vary in structure or design from that described here while not departing from the 
claims of the present invention. 

[040] During manufacture of the transceiver, it is typically necessary to perform an optical 
path alignment operation, wherein the nose assembly 14 of the TOSA 10 is maneuvered 
with respect to the housing 12 such that optical coupling between the housing and the 
passage 86 of the nose assembly is maximized. This operation is carried out by placing the 
housing 12, which has had the header assembly 16 previously joined to it in a press fit 
operation, into a jig or other appropriate securing device. The nose assembly 14 is then 
brought into a position proximate the respective end of the housing 12. Using an active 
alignment process, the nose assembly 14 is maneuvered in an imaginary plane that is 
O § « = perpendicular the longitudinal axis of the TOSA 10 until maximum optical coupling of the 
Q i S § S I laser-produced optical signal is achieved between the nose assembly passage 86 and the 
§ i 3 8 o housing 12. Once maximum coupling is achieved, the nose assembly 14 is secured in place 

i < § 8 5 and attached to the housing 12 by laser welding, or other appropriate means. Of course, 

o < a 

other alignment processes can be followed to achieve the same result. Thus, proper 
alignment of the nose assembly 14 with respect to the housing 12 results in an optimum 
level of light transmission from the laser through the nose assembly, which correspondingly 
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leads to optimum optical signal emission from the TOSA 10 for transport via a fiber optic 
cable attached to the connector portion 20 thereof. 

[041] Figure IB further illustrates the possible range of movement of the nose assembly 14 
with respect to the TOSA housing 12 during the alignment operation just discussed. As 
mentioned, during alignment the nose assembly 14 is not yet fixed to the respective end of 
the TOSA housing 12, thereby enabling it to be maneuvered with respect to the housing end. 
This movement of the nose assembly 14 occurs in an imaginary plane perpendicular to the 
longitudinal axis of the TOSA 10. In one embodiment, the nose assembly 14 is sized and 
configured to allow movement of the nose assembly approximately 0.01 inch in any 
direction along the imaginary plane from a nominal center position, indicated by the 
intersection of arrows 32 in Figure IB. This range of motion of the nose assembly 14 
enables optimum positioning thereof with respect to the housing 12 generally, and to the 
laser (see Figure 6) specifically, as explained above. It should be noted that the specific 
descriptions given herein regarding the TOSA 10 and nose assembly 14 are not meant to be 
limiting to the present invention. Indeed, the TOSA and nose assembly can assume varying 
configurations as appreciated by one skilled in the art while still being able to benefit from 
the present invention to be described herein. 

oi 

n z = [042] Reference is now made to Figure 2, which illustrates the TOSA 10 of Figure 1 and 



SSj-SsI one presently preferred embodiment of the present invention disposed therewith. 
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5 § 1 3 8 B Specifically, a heat spreader, generally designated at 50, is shown positioned in close 
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1*1 8 5 proximity to the TOSA 10. As already mentioned, the heat spreader 50 is configured to 

o * s 

assist in the dissipation of heat produced by electronic components that are positioned within 
the TOSA housing 12. Figure 2 shows a top view of the heat spreader 50, which in the 
present embodiment generally comprises a substantially planar body 52 composed of a heat 
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conductive material, such as copper. The body 52 includes a bottom surface 54 (Figure 3) 
and a top surface 56. The thickness of the body 52 can vary according to need, but is 
generally thick enough to facilitate a thermal connection between the header assembly 16 
and the shell of the optical transceiver (see Figure 7), as will be seen. An outer periphery 58 
defines the particular shape of the body 52, including two notches 60. An aperture 62 is 
formed through the body in the illustrated embodiment to receive a fastener, such as a screw, 
for securing the heat spreader to the housing of the optical transceiver. Note that the 
particular shape of the heat spreader body can be modified in accordance with the needs of a 
particular application. 

[043] A specifically shaped cavity 64 is also formed in the heat spreader body 52. The 
cavity 64 is sized and configured to receive a correspondingly shaped thermal slug (see 
Figure 4). Here, the cavity 64 is trapezoidally shaped. Though other cavity shapes are 
possible, the trapezoidal shape of the cavity 64 as shown here offers several advantages with 
respect to operation of the present invention, as will be discussed further below. 
[044] The position of the cavity 64 is such that it resides substantially adjacent the heat 
tongue 26 of the header assembly 16 after the header assembly is aligned and affixed to the 
end of the TOSA housing 12. In Figure 2, the cavity 64 is formed along a portion of the 

*6 

O | * 2 outer periphery 58 that is proximate the end of the TOSA housing 12. In this way, the 

o £ * S 9 3 

PfehuhH thermal slug can be positioned such that it interconnects the heat spreader 50 and the heat 
< 2 1 § £ 2 tongue 26 to establish a thermal path between the header assembly 1 6 and the housing of the 



S § 8 £ optical transceiver in order to dissipate heat from internal TOSA components, as will be 
described in further detail below. Though shown here as completely extending through the 
body 52, the cavity 64 can alternatively form a depression that does not completely extend 
through the body. 
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[045] Reference is now made to Figure 3, which illustrates a bottom perspective view 
showing various details regarding the TOSA 10 and the heat spreader 50. Figure 3 affords a 
view of various features of one surface of the exterior segment 24B of the component 
platform 24, including a plurality of contact pads 68. The contact pads 68 are electrically 
connected with electronic components located on the interior segment 24A by way of 
conductive vias, one of which is shown at 70. The contact pads 68 in turn electrically 
connect with contact pads located on the flex circuit 30 shown in Figure 1A to enable 
electrical communication between a transceiver printed circuit board (Figure 8) and the 
internal TOSA components, such as a laser. A portion of the heat tongue 26 is also seen 
adjacent the component platform 24 in Figure 3. 

[046] Figure 3 shows various details of the bottom surface 54 of the heat spreader body 52 
according to one presently preferred embodiment. In addition to the features already 
discussed, namely, the body periphery 58, aperture 62, and cavity 64, additional features of 
the heat spreader 50 are also shown. The body 52 includes a raised portion 66 that is formed 
about both the aperture 62 and the cavity 64. The raised portion 66 is used in the present 
embodiment to facilitate an adjacent connection between the thermal slug (Figure 4) and the 
heat tongue 26. 

0§ y : [047] The raised portion 66 further defines a screw boss 72 about the aperture 62 on the 

P | h u B | bottom surface 54. The raised surfaces of the screw boss are configured to maintain a 
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5 ii^ So specified spacing between the heat spreader 50 and the transceiver printed circuit board 
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(Figure 8) when these components are positioned within the housing of an optical 
transceiver module, as will be discussed. It is appreciated that the heat spreader of the 
present invention can include additional or alternative physical features than those 
specifically discussed here in order to suit a particular application. 
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[048] Figure 3 illustrates the proximity that exists between the exterior portion 26B of the 
heat tongue 26 and the cavity 64. This proximity is such that the thermal slug (Figure 4) can 
create a thermal path between the heat tongue 26 and the heat spreader 50, as will be 
discussed. 

[049] Reference is now made to Figure 4. In accordance with embodiments of the present 
invention, an apparatus is disclosed herein for assisting in the removal of heat from within 
the TOSA 10. As has been discussed, the heat spreader 50 represents one such apparatus. 
The heat spreader 50 includes a thermal slug 80 that is sized and configured to be received 
in the cavity 64 defined through the body 52 of the heat spreader. The thermal slug 80 
possesses a shape corresponding to the shape of the cavity 64 which, as stated previously, is 
trapezoidal in the illustrated embodiment, though this shape is not meant to be limiting of 
the present invention. Though it can have one of a variety of thicknesses, in the present 
embodiment, the thermal slug 80 as illustrated has a thickness approximately less than the 
thickness of the heat spreader body 52 about the cavity 64. However, in other embodiments, 
the thermal slug 80 can alternatively have a thickness equal to or even greater than that of 
the heat spreader body 52. 

[050] As it is intended to transfer heat from the header assembly 16 to the heat spreader 50, 
§ z E the thermal slug 80 is composed of a thermally conductive material. Moreover, as it is 
2 § h Z i h designed to closely match the size of the cavity 64, the thermal slug 80 should be made from 

r Q < H -r. ^ 
Z 2 £ g | > 

5 § § 3 ° 5 a material having a coefficient of thermal expansion that is similar to the material from 
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i < §3^ which the body 52 of the heat spreader 50 is composed. In presently preferred 
embodiments, both the body 52 and the thermal slug 80 are comprised of copper. Finally, a 
close tolerance preferably exists between the interfacing surfaces of the body 52 defining the 
cavity 64 and the thermal slug 80 such that minimum spacing exists between the body and 
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slug when the slug is seated within the cavity. This ensures sufficient heat conductivity 
between the thermal slug 80 and the heat spreader body 52 when the two are joined, as 
explained below. 

[051] As mentioned, the shape of the thermal slug 80 corresponds to the shape of the 
cavity 64 of the heat spreader body 52. In the present embodiment, both the thermal slug 80 
and the cavity 64 are trapezoidally shaped. This shape affords several advantages to be 
realized in connection with the function of the present invention. First, the trapezoidal shape 
ensures the thermal slug 80 is positioned within the cavity 64 in a predetermined orientation. 
Second, the trapezoidally shaped cavity 64 limits movement of the thermal slug 80 when it 
is positioned within the cavity before being affixed to the heat spreader body 52 during 
TOSA manufacture. Third, the trapezoidal shape of the thermal slug 80 helps to minimize 
any gaps between its outer periphery and the surface of the heat spreader body 52 that 
defines the cavity 64, thereby ensuring greater heat transfer between the two during 
transceiver operation. Notwithstanding the advantages derived by the shaped cavity 64 and 
thermal slug 80 as discussed herein, it is appreciated that other shape configurations can also 
be employed that satisfy all, some, or none of the above advantages, but that nonetheless 
satisfy the functionality of the present invention. 

gj 

O § os = [052] The body 52 of the heat spreader 50 in the illustrated embodiment does not directly 
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6 a h u P g contact the header assembly 16. Instead, contact between these components is achieved via 
< 2 1 o 2 w th e thermal slug 80. Because of the alignment procedures that are performed on the TOSA 

% O < co U 

w h u < < 

& 10 as described above in connection with Figure IB, a variability in distance can exist 

o < a 

between the heat tongue 26 and the heat spreader body 52 (that is affixed to a portion of the 
optical transceiver shell). The distance between these components varies from transceiver 
module to transceiver module due to the unique alignment requirements of each transceiver. 
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[053] The present heat spreader 50 is designed to overcome any problems relating to the 
distance variability spoken of above. In particular, the thermal slug 80 is configured to 
ensure sufficient thermal communication between the heat tongue 26 and the heat spreader 
body 52 regardless of the particular alignment position of the heat tongue as part of the 
header assembly 16 (as in Figure IB). As shown in Figure 4 the thermal slug 80, during 
transceiver manufacture, is placed within the cavity 64 of the heat spreader body 52. As will 
be seen below, the depth to which the thermal slug 80 descends into the cavity 64 is 
determined by the particular alignment position of the TOSA housing 12 with respect to the 
nose assembly 14, which indirectly affects the alignment position of the heat tongue 26 of 
the header assembly 16 with respect to the heat spreader 50, as has been explained. 
[054] Once the thermal slug 80 is properly positioned within the cavity 64, it is affixed to 
both the heat tongue 26 and the body 52 defining the cavity, preferably at the bonding areas 
shown at 81 in Figure 6. Preferably, the bonding means comprises a thermally conductive 
material, such as a silver epoxy or a solder, so that it does not inhibit the flow of heat 
between the heat tongue 26, the thermal slug 80, and the heat spreader body 52. Generally 
speaking, a bonding means having a relatively high thermal conductivity is preferred over a 
less thermally conductive bonding means. Note that alignment of the nose assembly 14 with 

06 

O § - = the housing 12, which in turn determines the final position of the header assembly 16, occurs 
6 a h £ B t before the thermal slug 80 is affixed within the cavity 64 in order to ensure that the thermal 

O < H 3- '- > 

£ ^ > o 5 h 

< 2 1 § % u s ' u 8 seats a g a i nst the heat tongue 26 of the header assembly 16 in its final, aligned position. 

2 ^ 2^5 [055] Reference is now made to Figures 5 and 6, which show various views of the seating 

of the thermal slug 80 within the cavity 64 of the heat spreader 50. The final seated position 
of the thermal slug 80 within the cavity 64 is dependent indirectly upon the alignment of the 
nose assembly 14 with the housing 12, which in turn determines the position of the header 
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assembly 16. As mentioned before, adjustment of the nose assembly 14 with respect to the 
TOSA housing 12 enables proper alignment to be achieved between optical components 
located on the interior segment 24A of the component platform 24 and the desired optical 
path 82 defined through the TOSA 10. Specifically, this alignment procedure enables a laser 
84 located on the interior segment 24A to be optimally aligned with the optical path 82 such 
that optical coupling between the passage 86 and the housing 12 is maximized. Note here 
that the cap 15 that partially defines the hermetic enclosure 13 includes an optically 
transmissive window 83 to enable optical signals produced by the laser 84 to pass through 
the enclosure. As seen in Figure 6, the desired optical path 82 is defined through the TOSA 
housing 12 and through the passage 86 defined in the nose assembly 14. 
[056] Once alignment of the nose assembly 14 is complete, the nose assembly 14 is laser 
welded or otherwise affixed to the TOSA housing 1 2, as described above. The TOSA 1 0, 
now comprising the housing 12 having both the header assembly 16 and the nose assembly 
14 attached thereto, is then placed within the shell of an optical transceiver (Figures 7 and 
8). Because the nose assembly 14 includes the connector portion 20, which interfaces with a 
connectorized fiber optic cable to enable the transmission of optical signals produced by the 
TOSA 10, it is seated within the transceiver in a position that is identical for each 
O § a, E transceiver. Thus, the positioning of the nose assembly 14 with respect to the shell of the 
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P S h w h | optical transceiver is pre-determined and non- variable. As discussed above, however, the 

^§srf s £ position of the nose assembly 14 with respect to the TOSA housing 12 can vary from 

S o % £ s 

S 2°^ transceiver to transceiver due to alignment needs. This in turn results in a relative distance 



between the final position of the heat tongue 26 of the header assembly 16 and the heat 
spreader 50, this relative distance varying according to the particular transceiver and the 
alignment of its desired optical path 82. 
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[057] In light of the above, then, the vertical position of the thermal slug 80 after seating 
within the cavity 64 is dependent upon the final position of the header assembly 16 as 
determined by the above alignment procedure. For instance, the nose assembly 14 shown in 
Figures 5 and 6 can be adjusted to a specified aligned positioned with respect to the TOSA 
housing 1 2 in order to align the laser 84 with the desired optical path 82 through the TOSA 
10. The TOSA 10 is then installed in the transceiver shell with the nose assembly 14 
residing in an exact, predetermined location therein. In the manner just described, this 
places the TOSA housing 12 and the header assembly 16, including the heat tongue 26, 
relatively close to the bottom surface 54 of the heat spreader 50 {see Figure 3) compared to 
its nominal position. The thermal slug 80 compensates for this by seating in the cavity 64 in 
a relatively more shallow position than normal to physically contact the surface of the heat 
tongue 26. This shallower seated position of the thermal slug 80 is shown in Figures 5 and 
6, wherein the slug is shown recessed into cavity 64 only a small distance while in physical 
contact with both the heat tongue 26 and the heat spreader body 52. In another possible 
configuration (not illustrated), the header assembly 1 6 of another transceiver module might 
need to be adjusted such that the heat tongue 26 is relatively farther away from the bottom 
surface 54 of the heat spreader 50. Thus, more distance would separate the heat tongue 26 
§z = from the heat spreader 50, thus allowing the thermal slug 80 to seat more deeply within the 

W 2<§§x 

9 § h £ £ h cavity 64 of the heat spreader while still contacting the surface of the heat tongue 26 and the 
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^ 1 1 ^ s S heat spreader body 52. Still other configurations are possible, wherein the thermal slug 80 is 
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£ § § 5 positioned at any one of a variety of seated positions within the cavity 64, according to the 
distance of separation existing between the surface of the heat tongue 26 and the bottom 
surface 54 of the heat spreader 50 as a result of header assembly alignment. 
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[058] It is noted that the present invention is configured to compensate not only for vertical 
displacement of the heat tongue 26 with respect to the heat spreader 50, but horizontal 
displacement as well. Indeed, in presently preferred embodiments the thermal slug 80 has a 
width that is at least .02 inch greater than the width of the heat tongue 26. In this way, any 
lateral displacement of the heat tongue (which as described above can result in .01 inch 
displacement in any planar direction) that is encountered as a result of laser alignment with 
respect to the nose assembly 14, does not affect a full thermal connection being established 
between the heat tongue and the thermal slug 80. Note that both the heat tongue 26 and the 
thermal slug 80 include planar surfaces in the region were these two components thermally 
connect, which enables lateral displacement relative one another to occur. Of course, in 
other embodiments the relative width relationship between the thermal slug 80 and the heat 
tongue 26 can vary as needed in accordance with a particular application. 
[059] Continuing reference is made to Figures 5 and 6 in describing details of the operation 
of an optical transceiver module having a TOSA configured in accordance with the present 
invention. Regardless of which of the many possible positional configurations of the header 
assembly 16 and heat tongue 26 explained above is encountered, the heat spreader 50 of the 
present invention is configured to reliably and continuously remove heat from the TOSA 1 0. 
During operation of the optical transceiver module in which the TOSA 10 is located, the 
TOSA produces a modulated optical signal suitable for transmission by the transceiver to an 
optical communications network. Several TOSA components are utilized in this process, 
including electronic and optical components located on the interior segment 24A of the 
component platform 24, best seen in Figure 6. Among these components is the laser 84. In 
producing the optical signal, the laser 84 also creates a substantial amount of heat. This heat 
must be continuously removed from the TOSA housing 12 during transceiver operation in 
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order to ensure proper functioning of the TOS A 10. Should the heat instead be allowed to 
buildup within the TOSA housing, malfunction of one or more TOSA components could 
occur. 

[060] Heat that is produced by the laser 84 and by other components located on the interior 
segment 24A of the component platform 24 is absorbed by the ceramic material comprising 
the platform, which in turn is absorbed by the interior portion 26A of the heat tongue 26 
which is in thermal communication with the component platform. This heat is conducted by 
the interior portion 26A of the heat tongue 26 to the exterior portion 26B thereof. The heat 
present in the heat tongue exterior portion 26B is then transferred to the thermal slug 80 of 
the heat spreader 50. The thermal transfer occurring between the exterior portion 26B of the 
heat tongue 26 and the thermal slug 80 occurs in a substantially efficient manner, given the 
direct physical contact of the slug with the heat tongue regardless of the particular alignment 
position of the header assembly 16. Heat absorbed by the thermal slug 80 is then readily 
conducted into the body 52 of the heat spreader 50 through the walls of the body that define 
the cavity. Given both the close proximity of the thermal slug 80 to the heat spreader body 
52 and the relatively large mass of the body (which enables the body to operate as a heat 
sink), heat is readily transferred from the slug to the body. The heat absorbed by the body 

gj 

O § ^ E 52 of the heat spreader 50 is then dissipated to the housing of the optical transceiver module 
6 a h u h | (Figure 7, 8) in a manner to be described below. In this way, heat is reliably removed from 
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< 2 1 § 2 § the TOSA 1 0, thereby ensuring proper functioning of both it and the optical transceiver 
£ 2°^ module in general. 

[061] Reference is now made to Figure 7, which shows details regarding the placement of 
the heat spreader within an optical transceiver module, depicted generally here at 100. As 
shown, the transceiver 100 includes a shell 102 that defines a cavity in which various 
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transceiver components are placed. In particular, the TOSA 10 is shown positioned in the 
shell 102 of the transceiver 100, wherein the annular groove 22 of the nose assembly 14 
interfaces with features defined in the transceiver housing to securely hold the TOSA in 
place. In presently preferred embodiments, the shell 102 is composed of die-case zinc. 
[062] The header assembly 16, partially obscured from view by the flex circuit 30, is 
shown extending from the end of the TOSA 10. The flex circuit 30 is, as explained above, 
electrically connected with the component platform 24 and is positioned to electrically 
connect with a transceiver printed circuit board yet to be placed in the transceiver shell 102. 
The heat spreader 50 is shown positioned in the transceiver shell 102 with its bottom surface 
54 facing up. A screw 1 04 is shown passing through the aperture 62 of the heat spreader 
body 52 to at least partially secure the heat spreader 50 to the shell 102. In this 
configuration, the screw boss 72 is positioned to maintain an adequate spacing between the 
heat spreader 50 and the transceiver printed circuit board that is to be included in the shell 
102, while at the same time ensuring that adequate pressure is applied to the heat spreader 
via the screw 104. The screw boss 72 can also help properly align the heat spreader 50 
within the shell 102 when the screw 104 is received into the screw boss. 
[063] The thermal slug 80 of the heat spreader 50 is shown in position within the cavity 64 

q § ^ z of the body 52. As desired, and regardless of the particular final position of the header 
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S SS w 6 1 assembly 16 within the transceiver shell 102, the thermal slug 80 ensures that an adequate 

£ § 1 § 8 5 thermal path is established between the heat tongue 26 of the header assembly and the heat 
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2 S 2°^ spreader body 52. As briefly mentioned, the heat spreader body 52 is also thermally 

connected with the transceiver shell 102. This can be accomplished a variety of ways, but in 
the present embodiment, a thermally conductive polymer 105 (shown in phantom) is placed 
between the top surface 56 (Figure 2) of the heat spreader body 52 and the adjacent portion 
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of the transceiver shell 102. The screw 104 can be used to ensure that good contact is 
established by the polymer 105 between the heat spreader 50 and the transceiver shell 102. 
The conductive polymer 105 ensures that a good thermal connection is established between 
the shell 102 and the top surface 56 of the body 52 such that the heat absorbed by the heat 
spreader body 52 from the thermal slug 80 is efficiently passed to the housing. (Though not 
occurring here, the heat spreader 50 could be configured such that heat is also passed from 
the heat spreader body 52 to the shell 102 through the outer periphery 58 of the body 52 as 
well. Alternatively, direct heat spreader-to-transceiver shell contact alone can be employed 
in transferring heat between the two components. Finally, once received by the transceiver 
shell 102, the heat can be dissipated from the housing in a variety of ways, including 
convective air cooling. 

[064] Reference is made to Figure 8, which shows the transceiver 100 of Figure 7 with a 
transceiver printed circuit board ("TPCB") 106 positioned in the shell 102 thereof. As 
shown, the TPCB 106, which includes electronic components such as a laser driver and 
post-amplifier for controlling transceiver operation, is positioned within the shell 102 such 
that electrical connection is made to the flex circuit 30 and to other flex circuits shown in the 
figure. A portion of the TPCB 106 is positioned atop the heat spreader 50. The screw 104 
O § * - (which secures the heat spreader body 52 via the aperture 62) is shown penetrating the 
S I h £ B | TPCB 106 to secure it within the shell 102. Again, the screw boss 72 (Figure 7) of the heat 

< i I o h w spreader 50 ensures that adequate spacing exists between the heat spreader body 52 and the 
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2 £ K § 8 h TPCB 1 06. Though not shown, a housing cover can be placed on the shell 1 02 to cover the 

O < & 

illustrated components. 

[065] The present invention may be embodied in other specific forms without departing 
from its spirit or essential characteristics. The described embodiments are to be considered 
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in all respects only as illustrative, not restrictive. The scope of the invention is, therefore, 
indicated by the appended claims rather than by the foregoing description. All changes that 
come within the meaning and range of equivalency of the claims are to be embraced within 
their scope. 
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